Question: Does massage therapy reduce pain and perceived fatigue in the quadriceps, and improve the mood and physical performance of runners after habitual sporting activity (10-km run)? Design: Randomised controlled trial with concealed allocation, intention-to-treat analysis and blinded assessment. Participants: Seventy-eight runners after sporting activity (10-km run). Intervention: The experimental group received 10 minutes of massage to the quadriceps aimed at recovery following sport practice, and the control group received a sham joint mobilisation. Outcome measures: Pain and perceived fatigue were each assessed using a 0-to-10 numerical rating scale; pain behaviour via the McGill Pain Questionnaire; mood profile via Brunel Mood Scale; quadriceps muscle flexibility using maximal knee flexion angle via inclinometer; isometric muscle strength of knee extensors via hand-held dynamometry; and vertical jump performance using jump height via My Jump 2 app. Evaluations were carried out immediately before and after the intervention, and at 24, 48 and 72 hours after the intervention. Generalised estimating equations were used to estimate a between-group difference (95% CI) using data across all time points. Results: The experimental group had significantly lower scores than the control group on the numerical rating scale for pain by 0.7 points (95% CI 0.1 to 1.3). There were no significant between-group differences for any of the other outcome measures. Conclusion: Massage therapy was effective at reducing pain intensity after application to the quadriceps of runners compared to a sham technique, but the magnitude of the effect was small. There were no significant effects on perceived fatigue, flexibility, strength or jump performance. Trial registration: Brazilian Registry of Clinical Trials, RBR-393m7m. [Bender PU, Luz CM, Feldkircher JM, Nunes GS (2019) Massage therapy slightly decreased pain intensity after habitual running, but had no effect on fatigue, mood or physical performance: a randomised trial. Journal of Physiotherapy 65: [75][76][77][78][79][80] 
Introduction
Massage therapy is widely used to treat patients with different conditions. 1 Reports have suggested that massage therapy acts by: blocking noxious stimuli, in line with the gate-control theory; 2 increasing blood and lymphatic flow, which may accelerate the elimination of catabolites; 3 and releasing endorphins that promote a feeling of well-being. 4 In sports, massage therapy is often used in physical recovery after activities, to promote pain relief and prevent delayed-onset muscle soreness (DOMS). 4, 5 A previous study reported that massage therapy reduced acute pain and fatigue in the quadriceps of triathletes after a long-distance Ironman race. 6 Some research has also suggested that massage therapy may decrease DOMS. 7, 8 Imtiyaz et al found that massage therapy applied before the induction of fatigue in the arms may reduce DOMS in healthy non-athletic females. 8 Although massage therapy may be beneficial to athlete recovery, its use in clinical practice for sports is not supported by strong evidence. 5, 9 Most studies investigating the effects of massage therapy on athlete recovery have applied the intervention in cases of extreme fatigue, which does not reflect the typical state of many participants in many sports. 6, 7, 10, 11 In clinical practice, clinicians use massage therapy to assist athletes to recover from less fatiguing sports such as competitive running and soccer. To date, no study has evaluated the effects of massage therapy on athlete recovery after sporting activity that does not induce extreme fatigue and may not cause DOMS.
Engaging in very strenuous sport can negatively affect the mood and performance of athletes 12, 13 and, according to massage effect theories, massage therapy may also ameliorate these effects. 14, 15 Arroyo-Morales et al 14 applied massage therapy after strenuous physical activity and found that massage therapy may improve perceived vigour using a mood questionnaire in healthy active students. Kargarfard et al 15 reported that massage therapy applied to the quadriceps of bodybuilders after fatiguing activity may enhance vertical jump performance. However, methodological issues related journal homepage: www.e ls ev ier.com/locate /jphys to sample size 10, 16 or blinding 14, 15 have been identified in previous studies investigating the impact of massage therapy on mood and physical performance. Additionally, the effects of massage therapy on these aspects after less fatiguing sports are yet to be studied. Some research indicates that massage therapy is a useful technique in athlete recovery; 6, [9] [10] [11] however, the short-term and longterm effects of massage therapy are still unclear. 5, 9 Additionally, little is known about the effect of massage therapy applied after habitual sporting activity because no study has used methods that incorporate a real, habitual, sporting activity as the intervention.
Therefore, the research question for this randomised controlled trial was:
Does massage therapy reduce pain and perceived fatigue in the quadriceps and improve the mood and physical performance of runners after habitual sporting activity (10-km run)?
Method

Design
This was a randomised clinical trial in which the participants were allocated to an experimental group or a control group. The experimental group received massage therapy to the quadriceps muscle aimed at recovery after sporting activity, and the control group received sham hip and knee joint mobilisations. The randomisation was conducted using sealed and opaque envelopes to conceal each upcoming allocation during recruitment. A researcher who was not involved in the evaluations or interventions of this study prepared these envelopes. The study design is presented in Figure 1 .
Participants, therapists, centres
Seventy-eight runners from the metropolitan area of a state capital in Brazil took part in this study. To be eligible for inclusion in the study, athletes had to run a minimum of 10 km continuously and be aged between 18 and 60 years. They also had to have engaged in running practice for at least 1 year prior to data collection and be training at least twice per week. The exclusion criteria were the presence of any medical condition not compatible with the study procedures, severe metabolic or cardiorespiratory disorders, musculoskeletal disorders in the lower limbs in the last 6 months, abrasions in the thigh, cramps during evaluations and/or any sensation change in the thigh.
The evaluations and interventions were carried out at the participants' training sites. First, the participants were assessed in terms of the eligibility criteria and data were collected about their anthropometric characteristics. Next, the participants were instructed to run 10 km as fast as possible, reproducing their competition pace. Immediately after the run, the first evaluation session was carried out (pre-intervention) and the participants were evaluated for pain, fatigue, mood and physical performance. The measurements were taken in relation to the most painful quadriceps muscle, as reported using a numerical rating scale. If participants reported the same pain level in both thighs or no pain, the side to be evaluated and treated was randomly selected by a coin toss.
In order to maintain assessor blinding, after the pre-intervention assessment the participants were directed to a different location for group allocation and the application of interventions. The same blinded assessor revaluated the participants immediately after the interventions (post-intervention), as well as at 24 hours, 48 hours and 72 hours after the intervention (Figure 1 ). The evaluations at 24 hours and 72 hours were conducted by telephone, to determine pain, fatigue and mood. At the immediate post-intervention assessment, the participants were instructed not to take anti-inflammatory or analgesic medications and not to perform other physical recovery techniques or additional physical activities during the data collection period. The participants were also given a leaflet containing the instructions and the questions that would be asked during the telephone calls.
Intervention
After the run, the experimental group received a 10-minute massage, aimed at physical and mood recovery, 5 from a therapist who was not involved in the measurements. Further detail is provided in Appendix 1, part A (see eAddenda for Appendix 1). The intervention consisted of the following procedures: 1 minute of superficial effleurage, in which the therapist slid both hands in the direction of the muscle fibres from distal to proximal with a gentle pressure on the thigh; 3 minutes of deep effleurage, in which the therapist performed the same movement but applied more pressure to the thigh; 3 minutes of petrissage, in which the therapist used the entire surface of the palm of the hands to compress and lift the tissue sequentially; 1 minute of tapotement, in which the therapist agitated the tissues of the thigh with cupped hands; and 2 minutes of superficial effleurage to finish the intervention. A video demonstration of the techniques is presented in Appendix 2 (see eAddenda for Appendix 2). Hypoallergenic skin oil was used to reduce friction between the therapist's hands and the participant's skin.
The control group received sham hip and knee joint mobilisations from the same therapist. Further detail is provided in Appendix 1, part B (see eAddenda for Appendix 1). The mobilisations served no therapeutic purpose and were applied only to promote a feeling of slight pressure on the skin without proper joint mobilisation. The participants were in supine with the knee flexed at 90 deg. For sham hip joint mobilisation, a belt was placed on the participant's inguinal region and around the therapist's lumbar region. For sham knee joint mobilisation, a belt was placed around the proximal region of the participant's tibia and around the therapist's lumbar region. From these positions, the therapist projected his/her body in order to move away from the participants, producing a slight and oscillatory pressure on the skin for 5 minutes in each mobilisation (images of the sham techniques are presented in Appendix 3 (see eAddenda for Appendix 3). At the end of the sham mobilisations, the same oil used in the experimental group was applied to the participants' leg in order to keep the assessor blinded to group allocation.
Outcome measures
Pain and perceived fatigue
The pain and perceived local fatigue in the quadriceps muscle were each measured using a numerical rating scale. 17, 18 The scale consisted of a numerical sequence between 0 and 10 points, in which 0 indicated no pain or fatigue and 10 points indicated the worst possible pain or extreme fatigue. This numerical rating scale has adequate reliability for pain assessments (ICC = 0.91) 17 and is responsive to fatigue changes. 18 
Pain behaviour
The intensity and behaviour of pain were evaluated using the short form of the McGill Pain Questionnaire. 19 The questionnaire includes 15 pain descriptors, which describe different pain characteristics. Each descriptor is ranked on a 4-point rating scale between 0 and 3 points, in which 0 indicates 'none' and 3 indicates 'severe'. The total score is given by the sum of the points and varies between 0 and 45; high scores mean worse pain sensation. 19 
Mood profile
Mood was evaluated using the Brunel Mood Scale. 20 The scale includes 24 descriptors divided in six subscales: fatigue, tension, vigour, mental confusion, depression and anger. Each descriptor is ranked according to the question 'How do you feel now?' on a 5-point rating scale between 0 and 4 points, in which 0 indicates 'none' and 4 indicates 'extremely'. The total score of each subscale is given by the sum of the points and varies between 0 and 16; high scores mean greater presence of the respective mood parameter. 20 
Flexibility
Quadriceps flexibility was evaluated using the maximal knee flexion angle. 21 The participant lay prone with the hips in a neutral position. The assessor passively flexed the participant's knee until end feel was perceived or the participant's pelvis began to move. The knee flexion angle was measured once using an inclinometer a positioned 15 cm distal to the tibial tuberosity. This measure has adequate reliability (ICC = 0.94). 21 
Vertical jump performance
Jump height was evaluated using a mobile phone app b . 22 The participants were instructed to perform a countermovement jump as high as possible, with arm swings permitted, and were recorded using a mobile phone c . Three jumps were performed, with a minimum 30-second interval between trials and the highest trial was used in statistical analysis. 23 The app was validated and has adequate reliability (ICC = 0.99). 22 
Isometric strength
Maximum knee extensor isometric strength was assessed using a hand-held dynamometer d . The participants were lying in supine position with hips and knees flexed at approximately 60 deg. An image of the strength assessment is presented in Appendix 4 (see eAddenda for Appendix 4). An inelastic strap was positioned around their ankles and the examination table, and the dynamometer was placed between the strap and the ankle of the assessed lower limb. 21 The participants were verbally encouraged to generate maximal effort against the strap as if extending their knee. One trial was performed before data collection for familiarisation purposes. Three 5-second trials were performed, with a minimum 30-second interval between each trial. Maximal isometric force was converted into torque: force in Newtons x leg length in metres (distance between the lateral femoral epicondyle and the lateral malleolus); and then, torque was normalised by body mass in kg ([Nm/kg]*100 = % body mass). 21 This procedure has adequate reliability (ICC = 0.98). 21 
Data analysis
Sample size was calculated to allow for statistical power of 80%, an alpha of 5% and potential loss to follow-up of 5%. This indicated that at least 38 participants would be necessary to identify a betweengroup difference in pain of 2 points (SD = 3 points) 7 and in fatigue of 1 point (SD = 1.5 points), 10 using the numerical rating scale. The calculation was performed using the software G*Power e .
The intention-to-treat approach was adopted in all analyses. Five participants were not assessed on knee extensor strength and the missing data were processed using the multiple imputation method. 24 Twenty imputed data sets were created using the anthropometric and strength data from all the assessments to predict the missing data; the imputed data sets were pooled into mean values for analysis. 24, 25 The differences from baseline were used in the analysis. Analysis of variance with a linear mixed model was used to compare the effect of massage therapy between the experimental and control groups. Mean difference and 95% CI were also calculated for each comparison. The effect of the intervention on the primary outcome was estimated using generalised estimating equation with a linear mixed model that incorporated data from all the assessment time points into a single result. 26 The secondary outcomes underwent a similar analysis based on the available assessment time points. The analyses were adjusted for baseline values as a covariate. A significance level of p 0.05 was adopted and the statistical analysis was performed using the software SPSS f .
Results
Flow of participants, therapists, centres through the study
All participants (n = 78) completed the planned evaluations between March and September 2018 ( Figure 1 ). Two participants in the experimental group and three participants in the control group did not have their muscle strength evaluated due to equipment failure. The groups were similar with respect to anthropometric data, running experience and 10-km running performance (Table 1) , as well as baseline score on the outcome measures (first two columns of Table 2 ).
Compliance with the study protocol
No ineligible participants were randomised. No assessors were unblinded during the study. All participants received the designated intervention and were analysed in the group to which they had been randomly allocated.
Effect of the massage intervention
Means and standard deviations for all the measures at each assessment time point are shown in Table 2 . Individual participant data are presented in Table 3 (see eAddenda for Table 3 ). A significant between-group difference was identified for pain assessed using the 0-to-10-point numerical rating scale ( Table 2 ). The generalised estimating equation indicated that the overall between-group difference due to the massage therapy was 0.7 points lower pain intensity (95% CI 0.1 to 1.3).
No significant between-group differences were identified for fatigue, pain behaviour, mood profile or physical performance ( Table 2) .
Discussion
This study aimed to evaluate the impact of massage therapy on athlete recovery after habitual sporting activity. The results indicate that massage therapy reduced pain severity compared to a sham technique, but no statistically significant effects were identified on any of the other outcome measures. These results appear to be believable because the study used robust methods (true randomisation, concealed allocation, assessor blinding, intention-to-treat analysis, follow-up of all participants, and a low risk of type-I error).
Several factors suggest that the effect on pain intensity is not clinically worthwhile. The estimate of the effect on pain and the 95% CI around that estimate were below the effect of 2 points on the 0-to-10 scale, which was nominated as the smallest worthwhile effect in the sample size calculation. The McGill Pain Questionnaire did not show corresponding improvements in overall pain behaviour. Perhaps most importantlyfrom the perspective of athlete recovery, at leastthe effect on pain was not enough to permit improvements in knee extensor strength, quadriceps flexibility or jump height.
Although the effect on pain severity does not appear to be clinically worthwhile, it is interesting to consider the pattern of the effect and the possible mechanisms behind this analgesic effect. Inspection of the data in Table 2 shows that the largest effect occurred immediately after the intervention was applied. This acute pain reduction may be due to the possible action of massage therapy on neurological aspects. 2, 9, 27 The mechanical stimuli from massage therapy may inhibit pain by 'closing the pain gate', inducing instant analgesia (gate-control theory). 2, 9, 27 Another potential explanation for the acute effect of massage therapy on pain is its impact on physiological aspects. 9, 28, 29 The stimuli from massage therapy may cause an immediate feeling of relaxation and consequent analgesia, due to the realise of b-endorphins 9,28,29 and/or a decline in the level of stress hormones. 29 Massage therapy may also influence psychological aspects, 30 although no effect on mood parameters was observed in the present study. Perhaps the instrument used (the Brunel Mood Scale) is not sensitive enough to detect the influence of an immediate feeling of well-being on the mood parameters, making this a possible reason for our results. It is important to underscore that the explanations for massage therapy effects are based on theories, and no biochemical or neurophysiologic analyses were performed in this study to investigate the mechanisms of massage therapy effects. Nonetheless, the acute effect of massage therapy on pain identified here corroborates previous research and demonstrates its effectiveness in acute pain relief in athletes. 6, 7, 11 The acute analgesic effect showed some persistence through the later assessment time points and then disappeared by 72 hours. The impact of massage therapy on delayed pain could occur via physiological mechanisms. 9, 31, 32 It is suggested that DOMS is caused by the increased production and accumulation of free radicals after exercise. 31, 33 Thus, massage therapy may raise lymphatic and blood flow, accelerating the elimination of catabolites. 9, 31, 32 Previous studies have also reported positive effects of massage therapy on delayed pain. 7, 34, 35 Hilbert et al 35 reported that massage therapy applied 2 hours after DOMS induction in the hamstring using eccentric exercise may reduce pain intensity 48 hours after the intervention. Of note, the current study identified lower DOMS intensity compared to previous studies. 11, 15, 35 This indicates that massage therapy may be effective at mitigating DOMS, regardless of pain level, although the effect was weak in the present study where DOMS intensity was low. Several causal factors have been suggested for DOMS, including muscle damage and the inflammatory process. 31, 36 Future investigations should verify the impact of massage therapy on these DOMS-related factors. Previously, Nunes et al 6 reported that massage therapy is effective at reducing perceived fatigue after strenuous exercise, which was not observed in the present study. In the study by Nunes et al, 6 participants presented a higher fatigue level compared to the present study, which may explain this inconsistency. Perhaps massage therapy is only effective at lowering perceived fatigue in exhausted athletes with important metabolic alterations. Additional research is needed to understand the influence of massage therapy on athlete fatigue and develop clinical prediction rules to determine whether fatigue level is a decisive factor in the effectiveness of massage therapy on muscle fatigue.
In opposition to previous studies, 7,37,38 the current study found that massage therapy had no effect on assessments related to physical performance (flexibility, strength and jump performance). Hopper et al 37 reported that massage therapy may improve hamstring flexibility immediately after application in hockey players; Shin and Sung 38 observed that massage therapy applied after eccentric exercise increased ankle plantar flexion strength in healthy people; and Mancinelli et al 7 found that massage therapy applied 48 hours after a high-intensity training session increased jump height in volleyball athletes. A 10-km run impairs the physical and physiological function of athletes; 39 however, this habitual exercise stimulus may not alter physical performance (flexibility, strength and jump performance) to a degree that requires intervention. As such, massage therapy may not be indicated to recover these cases.
The present study's findings suggest that 10 minutes of massage therapy on the quadriceps after habitual moderate exercise has an immediate (and to a lesser extent a delayed) effect on pain intensity, but that many people would consider the effect too small to bother investing in the massage. The runners did not report disabling pain levels after a 10-km run and the estimates of the effect on pain had confidence intervals that extended to include an effect as small as 0.1, and no other benefits were obtained. Therefore, recreational athletes could be advised that, while massage can be expected to reduce their pain intensity, the effect will be mild and physical performance will not be improved. Some may enjoy the massage as a 'reward' after exercise, and not be concerned about the magnitude of the pain reduction. Such patients may choose to receive massage, and certainly the confidence intervals on all outcomes indicate that no substantial detriment should be anticipated. However, those who seek massage as a means of reducing fatigue or hastening recovery should be advised that such effects would not be anticipated.
This study's findings are limited to runners accustomed to distances of 10 km, with further research needed for athletes of other sports. It would also be interesting to consider additional factors when deciding whether to use massage therapy in athletes with tolerable pain levels, such as fatigue or overtraining risk. Additionally, massage therapy application over several sessions may also have a chronic effect. Future research could investigate the effects of massage therapy applied over several sessions in terms of preventing muscle injuries.
In summary, massage therapy was effective at reducing pain intensity after application to the quadriceps of runners compared to a sham technique, but the magnitude of the effect was small with no flow-on effects on perceived fatigue, flexibility, strength or jump performance. Further research is needed to understand the mechanisms of massage therapy effects on pain and to determine whether the effect of massage therapy depends on the level of fatigue.
What was already known on this topic: In sports, massage is often used to reduce pain and promote physical recovery. Massage can reduce pain and fatigue after very intense, prolonged exercise. What this study adds: After a habitual 10-km run, massage therapy applied to the quadriceps muscle reduces the intensity of pain, but the effect is mild and may not be considered clinically worthwhile by many people. In this setting, massage therapy does not affect fatigue, mood, quadriceps muscle flexibility, knee extension strength or vertical jump performance.
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